P H I L I P IV O R D E E
B y S i r S a m u e l C u r r a n , F .R .S .
M a n y p h y sic ists all over th e w o rld n o te d th e d e a th of P h i l i p D e e in A p ril 1983 w ith so rro w and n ostalgia. D e e 's ca re e r can be d iv id e d readily in to several clearly defined p e rio d s b u t m an y w ill re m e m b e r h im first and fo re m o st as th e im p ressiv e looking sc ie n tist at th e h e a rt o f m a tte rs of g rea t m o m e n t d u rin g W o rld W a r I I . In those years he e x e rted a p ro fo u n d influence on m any y o u n g e r scien tists a n d to th e very end o f his care e r he was h e ld in d eep resp e c t and affection by all of th o se w ho p a rtic ip a te d in ra d a r and o th e r fields of scientific e n d e av o u r d u rin g th e years 1939 to 1945. H o w ev er, th is w as b u t one ph ase o f th e long and m o st fru itfu l career of P h ilip D ee as a ph y sicist.
A s alread y m e n tio n e d it is te m p tin g to d ivide D e e 's career in to d istin c t phases b u t th is w o u ld be to o v ersim p lify m a tte rs and it is n o t at all difficult to see how each p e rio d of D e e 's career linked w ith th e one th a t p rec e d e d it.
E a r l y y e a r s D ee was b o rn in S tro u d and his fath er, A lb e rt J o h n D ee, was a sch o o lm aster. T h e hom e was clearly one in w hich em p h asis w as p u t on intellectu al p u rsu its and D e e 's p e rso n a lity was p ro b a b ly sh ap ed to a co n sid erab le e x te n t by his fam ily b a c k g ro u n d . T h ro u g h o u t his life he w a n te d to be learn in g and he was superficial in n o th in g . E very n a tu ra l p h e n o m e n o n th a t cam e to his notice h ad to be u n d e rsto o d o r n o ted as re q u irin g fu rth e r e x am in atio n and stu d y if th ere w ere p u zzlin g features. S u rely the h ab it, w hich cam e to be so very ch a ra c te ristic of his b eh av io u r, was enco u rag ed in th e hom e. H e was a very p riv ate m an and first and fo rem o st a fam ily m an b u t one w ho did n o t often discuss fam ily affairs. It is n o t h a rd to guess the influences of his fa th e r's hom e w ere such as to b rin g ou t the b o rn scholar in D ee. In his personal hom e life he was greatly blessed. H e m arrie d P hyllis Elsie T y te and they form ed a 142 Biographical Memoirs m arv ello u s team , each s u p p o rtin g a n d rein fo rc in g th e efforts o f th e o th e r in all w ays and at all tim es. I recall how he en jo y ed d e sc rib in g th e ra th e r d icta to ria l a p p ro a c h of R u th e rfo rd to his m arria g e . I stress th a t th e w o rd d icta to ria l is m in e because D ee did n o t criticize th e m an w h o m he a d m ire d above any o th e r scien tist. A nyw ay he w as m a rrie d in 1929 at th e age of 25 and even at th a t tim e he m u st have b een a ttra c tin g th e n o tice of th e g reat h ead of th e C av e n d ish L a b o ra to ry . R u th e rfo rd en jo y ed in v itin g a g reat m an y associated w ith h im in his w ork to g a rd e n p a rtie s at his hom e and P h ilip and P h y llis D ee w ere asked to a tte n d one, soon after th e ir m arriag e. T h e g a rd e n p a rty w as n o t long u n d e r w ay w h en R u th e rfo rd asked P h y llis to have a w o rd w ith h im a n d he stro lle d off w ith h e r to a c o rn e r o f th e g ard en ; th e n he in fo rm e d h e r q u ie tly a n d firm ly th a t he tru s te d she saw it to be h e r d u ty to e n su re th a t D ee h a d th e k in d of life at h om e th a t w o u ld refresh h im and en ab le h im to attack his d u tie s in th e C av en d ish in a s in g le -m in d e d fashion. S he w as to see to it th a t he w as rested at h om e and so able to give o f his b est in th e C a v e n d ish . O b v io u sly th e idea th a t he w as a m ale c h a u v in ist, in th e language of to d ay , d id n o t e n te r R u th e rfo rd 's m in d -he was passio n ately in v olved in p u sh in g fo rw ard th e fro n tie rs of know ledge. T h a t h a p p e n e d in 1930 ju s t before one of th e m o st m arv ello u s o u tb u rs ts o f new discoveries in science o f all tim es. D ee lau g h ed h ap p ily as he d e scrib ed how R u th e rfo rd to ld his y o u n g w ife w here h e r p rim a ry d u ty lay b u t th is m irth was caused p a rtly because he knew very w ell th a t on th is p a rtic u la r occasion th e g reat R u th e rfo rd was w astin g his tim e. P h y llis m e a n t to see th a t P h ilip co u ld c o n c en tra te on his researches, at least so far as she was c o n c ern e d . She knew th e w ay to create th e rig h t a tm o sp h e re and she d id th is successfully th ro u g h o u t th e ir long m arriag e. T h e tw o d a u g h te rs, A n n e a n d Je n n ife r, becam e academ ics and no d o u b t th e w hole a tm o sp h e re of th e ir hom e m ade th is seem very n a tu ra l to th e m .
D ee a tte n d e d M a rlin g School in S tro u d and th e n p ro ce e d e d sm o o th ly from it to S id n ey Sussex C ollege, C a m b rid g e , as a S cholar. T h e sto ry is to ld th a t in th e T rip o s ex am in atio n s he tackled only one q u e stio n in one of th e pap ers w hich allow ed u p to five to be a tte m p te d . H ow ever, it is said th a t this q u e stio n involved optics and d iffraction in p a rtic u la r and th a t he becam e so fascinated he p ro d u c e d som e original w ork in tackling th e q u estio n . T h e sto ry show s in som e w ays th e c ap ab ility for p o w erfu l c o n c en tra tio n th a t D ee possessed and it fo resh ad o w ed his success as a research er. It was an excellent th in g th a t th e e x am in atio n a u th o ritie s w ere p re p a re d to recognize differen t fo rm s of m erit. In any case he was a d m itte d as a research scholar by R u th e rfo rd and becam e S tokes S tu d e n t at P e m b ro k e C ollege fro m 1930 to 1933. I ca n n o t be ce rtain a b o u t th is special T rip o s story b u t I do know it illu strate s vividly w h at w as certain ly a m ost definite side to his p erso n ality . I sh ared perso n ally several experiences w ith h im th a t estab lish ed this p o in t, and one in p a rtic u la r com es to m in d . In 1946 a special intelligence test was org an ized at G lasg o w U n iv e rs ity by m e m b e rs o f staff o f th e p sy ch o lo g y d e p a rtm e n t. T h e y w ere n o t th e n fully aw are o f th e p itfalls o f se ttin g I.Q . tests a n d th e p a rtic ip a n ts d id n o t have a 'te s t' ru n b e fo re th e one th a t c o u n te d c o m m e n c e d . In o th e r w o rd s all th e p a rtic ip a n ts w ere ra th e r ill-p re p a re d . T h e r e w ere a b o u t 50 q u e stio n s to be c o m p le te d in som e 60 m in u te s an d th e first few co n sisted o f little g e o m etrical figures, six o r so in each case, a n d th o se b e in g te ste d w ere asked to pick o u t th e figures w ith a co m m o n fea tu re . W ith his p assio n for g e o m e try an d accuracy in all th in g s D ee was still en g ag ed h a p p ily in th e first q u e stio n a fte r som e 10 m in u te s an d it seem ed to m e as h is close n e ig h b o u r th a t he w o u ld in ev ita b ly have at m o st a h a n d fu l d o n e w h e n I h ad m y se lf rea c h e d th e fifty m ark . I t w as again clear th a t D ee en jo y ed b e in g e n tire ly rig h t ra th e r th a n try in g to score a h ig h m ark . I h a d no faith th a t th e ex am in ers in th is te st w o u ld m ark th e resu lts w ith th e in sig h t o f th e C a m b rid g e T rip o s team a n d th o u g h t he w as b o u n d to finish w ell d o w n th e field. It was a relief to learn late r th a t in sp ite of w h a t m u st have b een p o o r sco rin g by o u r d istin g u ish e d p ro fe sso r th e staff w ere fo u n d to be, by a n a rro w m arg in , ahead o f th e h o n o u rs class stu d e n ts. H o w ev er, I w as c e rta in th a t th is in c id e n t show ed th e th o ro u g h n e s s o f D e e 's attack on p ro b le m s ra th e r th a n any a p titu d e for rap id I.Q . tests. P e rh a p s it w as th e sense he conveyed, alb eit u n in te n tio n a lly , to all y o u n g e r people of b e in g d e d ic a te d to th e p u rs u it of excellence, scientific logic and reaso n in g th a t p u t m an y in awe of h im . M o st of th o se he ta u g h t or su p e rv ised w ere w ell aw are o f his in te n sity in achieving his goals an d his a ssu m p tio n th a t o th e rs w ere like him self. T h is in te n tio n to spare n e ith e r h im se lf n o r o th e rs m ade m any fear th a t th ey co u ld n o t live up to his e x p ectatio n s o f th em . In fact he was k in d ly in m o st of his ju d g e m e n ts an d often he w o u ld m ake am ple allow ance for illness and th e like. H e was a clear, lu cid a n d in sp irin g le c tu re r at a tim e in th e C a v e n d ish w hen good lec tu rin g was in sh o rt su pply.
R e s e a r c h a t C a m b r i d g e
In th e lig h t of later d e v e lo p m en ts it is n a tu ra l to assum e th a t from as early as 1926 R u th e rfo rd realized w hen he accepted D ee as a research scholar th a t he was backing a likely w in n er. It w as possibly p a rt of a strateg y in R u th e rfo rd 's m in d th a t he p u t h im to w ork w ith the great N o b el L a u re a te , C. T . R. W ilson, F .R .S . P ossibly R u th e rfo rd visualized at th a t date a com ing p e rio d of n u c le a r d isin teg ra tio n stu d ies and he was d o u b tle ss well aw are of th e severe lim itatio n s of his ow n favoured tool, the scin tillatio n d etecto r. T h e re is anyw ay no lack of evidence of th e w isdom of the decision because D ee becam e an in te rn atio n a lly renow ned e x p ert w ith th e cloud c h a m b e r d u rin g the nex t five years. By 1931 he was in a nearly u n iq u e positio n to o b tain b eau tifu l resu lts in the first artificial tra n sm u ta tio n s of several elem ents.
H is early years at th e S olar P h y sics L a b o ra to ry w ith W ilso n d id n o t lead to m u c h in th e w ay of p u b lic a tio n s, d o u b tle ss b ecau se m a ste ry of th e clo u d c h a m b e r as a tool seem ed to h im m o re im p o rta n t th a n early success in research es o f m o d e ra te value. D ee alw ays aim ed h ig h a n d if th e w o rk of C o ck cro ft an d W a lto n h ad n o t given th e w o n d e rfu l re su lts th a t c h a n g ed th e w hole fu tu re o f n u c le a r science D ee w o u ld have fo u n d for h im se lf som e p h e n o m e n o n of m ajo r significance, p o ssib ly fission. H e w as n o t c o n te n t to be an y w h ere ex cep t in th e v a n g u a rd . W ith m e tic u lo u s a tte n tio n to d etail he m an ag ed to o p e ra te clo u d c h a m b e rs w ith so little b a c k g ro u n d th a t he co u ld d e te c t in d iv id u a l ions. T h is was d o u b tle ss a goal th a t D ee so u g h t to a tta in fro m th e b e g in n in g b ecau se it w as one of his beliefs, a n d one th a t I sh a re d c o m p le te ly w ith h im , th a t to p u sh fo rw ard th e effectiveness of d e te c tin g e q u ip m e n t, or, m o re gen erally , m ea su rin g devices, co u ld b rin g m ajo r rew a rd s in th e fo rm o f new discoveries. Im p ro v e d d e te c tio n was one o f his lifelong p assio n s a n d he m ade clo u d c h a m b e rs w o n d e rfu lly sensitive. In later years he ta u g h t a n u m b e r of o th e rs (C. W . G ilb e rt, J. B ow ers, F. B o n n er, A. H o w a tso n an d J. R. A tk in so n ) how to get sp le n d id p e rfo rm a n c e fro m th e ir c h a m b e rs. All his life he enjoyed d isc u ssin g c o n d e n sa tio n a n d th e th e rm o d y n a m ic s o f c h a m b e rs. H e learn ed m u c h fro m C. T . R. W ilso n a n d often he refe rre d w arm ly to W ils o n 's extensive know ledge. D ee h im se lf a ttack ed som e of th e fu n d a m e n ta l q u e stio n s involved in th e use o f th e in stru m e n t, and tw o of his earliest p a p e rs in d icate this: th e one on recoil atom s of a c tin iu m (1927) show ed he h ad every reaso n to have faith in his te c h n iq u e , and h ence his p a p e r (1932) on th e in te ra c tio n o f n e u tro n s w ith electro n s in m a tte r, w h ich p ro v ed th a t less th a n one io n isatio n o c c u rre d p e r th re e m etres of air at a tm o sp h e ric p re ssu re , was very definite p ro o f of th e fact th a t th e new c o n stitu e n ts of th e p e n e tra tin g rad ia tio n , n e u tro n s, w ere u n c h a rg e d . I t ad d ed c o n sid e rab ly to know ledge o f th e n a tu re of th e n e u tro n itself.
T h e discovery of th e n e u tro n by C h adw ick th ro u g h o b se rv a tio n of im p u lses due to recoil nuclei in p ro p o rtio n a l tu b es was d o u b tle ss an im p o rta n t elem en t in th e p e rm a n e n t sw itch m ade by D ee fro m w ork w ith W ilso n to close w o rk in g w ith R u th e rfo rd him self. T h e C o c k c ro ft-W a lto n success in tra n s m u tin g light e lem en ts w as th e key to som e o f th e m o st elegant ex p e rim e n ts ever done in th e C a v e n d ish L a b o ra to ry an d th ey show ed th a t R u th e rfo rd h ad p e rh a p s show n real in tu itio n in believing th a t w ith real m aste ry of th e clo u d c h a m b e r D ee co u ld tackle ex trem ely well m o st of th e tra n s m u ta tio n p ro b le m s. In fact D e e 's p h o to g ra p h s of the d e u te riu m -lith iu m reactio n s, d e u te riu m -d e u te riu m and p ro to n -b o ro n d isin teg ra tio n s are ab so lu tely fo o lp ro o f evidence o f th e n a tu re of several of th e fu n d am e n ta l n u c le a r reactions, in cluding:
(1) 
H e 4 -lH e + ^H e.
D e e 's risin g influ en ce in th e C a v e n d ish w as sh o w n by his a p p o in tm e n t as a le c tu re r (1934-43) a n d a F ello w o f S id n ey S ussex C ollege. A t m u c h th e sam e tim e he w as asked to take c h arg e of th e new h ig h -v o lta g e la b o ra to ry th a t w as p la n n e d (A u stin w ing) a n d soon he w as im m e rse d in th e task o f b rin g in g in to use a 1.2 M eV d ire c t c u rre n t m ac h in e (of C o c k c ro ft-W a lto n p a tte rn ). T h e c o m p a n y c h o sen to w ork on th e in sta lla tio n w as P h ilip s o f E in d h o v e n and soon D ee and B u rc h a m to g e th e r w ith B irtw h istle an d B rekoo o f P h ilip s w ere en g ag ed n early 100% on th e task. F in a lly th e ac ce lera to r w ith reso lv in g m ag n e t and m u c h su b sid ia ry e q u ip m e n t w as read y for use at u p to alm o st 1 M eV by m id -1 9 3 7 .
T h e q u e stio n of loss o f rese a rc h tim e in b u ild in g m ach in es w o rrie d R u th e rfo rd , a n d O lip h a n t h ad done som e of th e original th in k in g ab o u t th is device, a n d D ee and B u rc h a m b ro u g h t it in to use at a ro u n d 1.7 M eV in th e su m m e r of 1939 b u t fo u n d th a t th e re w ere p ro b le m s of clearance from th e w alls of th e accelerato r hall. H ow ever, it was a big step for th e tim es to o p e ra te at such a h igh steady voltage, and w ith good beam c u rre n t.
I t w as in S e p te m b e r 1937 th a t I cam e to know P h ilip D ee p erso n ally and in fact th e s ta rt of w ork w ith th e 1.2 M eV set saw th e fo rm a tio n of a core team of w h ich D ee was th e obvious leader. G ilb e rt and B u rch am had already had ex perience of w ork in g u n d e r and w ith h im and now in 1937 I was m y self atta ch e d to D ee by R u th e rfo rd . A lm o st im m ed iately a fte r w ards V. P e trzilk a becam e a m e m b e r of th e team , and D ee asked h im to w ork closely w ith m e. S am uel D ev o n s did m ost of his research w ork in th is sam e g ro u p . O th e rs used th e rad ia tio n facility, am ong th em J. B ow ers, C h arles S m ith , J. T o w n se n d , J. V. D u n w o rth and A. W ard, w ith m ore occasional use involving N . F e a th e r, M . G o ld h a b e r, E. B retsch er and A. S olom on.
I h ad a discussion w ith L o rd R u th e rfo rd as soon as I arriv ed in C a m b rid g e . H e o u tlin ed the m ain fields of research th a t w ere being p u rsu e d , and m o re or less in v ited m e to express m y p reference. W h en I did so a little later he show ed th a t he b eliev ed th a t th e use of the accelerato r and w ork w ith D ee fo rm ed th e m o st im p o rta n t p a rt o f his general schem e at th a t tim e. H e said th a t he had n o tic e d th a t I h ad p u b lish e d p a p e rs on c o u n te rs of th e G e ig e r ty p e and he had ch allen g ed G e ig e r a w eek or tw o before because th e re w ere no G e ig e r c o u n te rs w o rk in g p ro p e rly at th e C a v en d ish . H e asked b lu n tly how m an y w ou ld w ork if he asked m e to m ake ten and I flattered m y self slig h tly and said nin e w o u ld p e rfo rm well. I t was clear fro m his resp o n se th a t I w o u ld have to take a leading p a rt in p u ttin g G e ig e r d e te c to rs in to o p e ra tio n in th e h ig h -v o ltag e lab o ra to ry e x p e rim e n ts. A ctu ally m y m e th o d was based for som e years on liberal use of eth y l alcohol in c o n stru c tio n . T r o s t was e x p lain in g at th a t very tim e w hy q u e n c h in g of th e sp ark d e p e n d e d critically on th e a d d itio n o f a heavy v a p o u r c o m p o n e n t to th e gas in th e c o u n te r and how such a g a s-v a p o u r c o u n te r w as able to c o u n t at a m u ch h ig h e r rate th a n th e original re s ista n c e -q u e n c h e d tu b e, w h ich had been fo u n d by m any in v estig ato rs to be n o to rio u sly e rra tic in p e rfo rm a n c e as well as slow. In fact th e th re e m e th o d s of d e te c tio n th a t w ere successfully em p lo y ed in the lab o ra to ry w ere the clo u d c h a m b e r, th e G eig er c o u n te r and th e pu lse ion ch a m b e r. A good rate of p ro g re ss in research resu lts was quickly estab lish ed . M y ow n first e x p e rim e n t, done w ith P etrzilk a as co llab o rato r, resolved th e n a tu re of p ro to n c a p tu re in th e tw o stable c arb o n isotopes. It was th e co m p lete reliab ility of m y G e ig e r tu b es th a t show ed th a t p ro to n c a p tu re, at c o m p a rab le en ergy of th e p ro to n , o c c u rre d w ith n early equal p ro b a b ility in th e tw o isotopes in spite of a difference in a b u n d a n ce in N a tu re by a factor of a b o u t 100. S oon after the p u b lic a tio n of th is resu lt, by D ee, C u rra n & P e trz ilk a (1938 T h is exciting resu lt w ith carb o n was one of a n u m b e r of in te re stin g stu d ies of th e process of c a p tu re of p ro to n s by light n u clei and th e next tw o years of w ork gave an excellent p ic tu re of th e process and h e lp e d to ju stify th e h a rd w ork th a t h ad been don e on th e m ach in e. D ee ca rrie d the m ajo r share of th is m ach in e c o n stru c tio n a n d m aybe d id too m u ch . H e and B u rch am soldered th e seam s on c o p p e r foil covering very large areas. O th e rs like m y self m elted dow n sheet lead to m ake blocks of th e rig h t size and shape for rad iatio n shielding. In fact ra th e r too little care was taken in resp ect of rad ia tio n h azard s and a few like M . G o ld h a b e r, n o t to m en tio n m yself, h elp ed to im p ro v e the arra n g e m e n ts. W ith good G eig er tu b e s it was easily possible to have a sensitive m easu re of th e rad iatio n dose alm ost anyw here in th e lab o rato ries and I fo u n d th a t the official p re p a ra tio n room for sources, w hich w ere m ade usually from rad o n or th o ro n , was in a d read fu l c o n d itio n . N o d o u b t m an y w orkers w ere exposed to q u ite unnecessarily hig h levels of rad ia tio n for som e years.
T h e h igh voltage lab o rato ry was p o ten tially h azard o u s especially w hen d e u te ro n s w ere used as b o m b a rd in g p articles because th is m ea n t th ere w as alw ays a c o n sid e ra b le n e u tro n b a c k g ro u n d . H o w e v er, few w o rk ers re m a in e d in th is b a c k g ro u n d ra d ia tio n fo r any su b s ta n tia l tim e so th e g en eral n a tu re o f th e w o rk w as c o n sid e re d a n d u se d to h e lp in sa fe g u a rd ing th e p e o p le in v o lv ed . A c tu a lly in th e m u c h m o re stra ig h tfo rw a rd m a tte r o f h ig h vo ltag e D e e a lm o st k illed h im self. H e sw itc h e d on the 20 kV p o w e r u n it fo r th e a c ce lera to r ion so u rce a c cid en tally w h en w o rk in g on th e 'b u n ' at th e to p o f th e a c ce lera to r b eam tu b e . H e was on th e receiv in g e n d of a large sp a rk w h ic h cau sed h im to fall fro m a c o n s id e r able h e ig h t a n d th e fall co u ld have killed h im . H e w as lucky to surv iv e th a t a c cid e n t a n d it is m e n tio n e d h e re m ain ly b ecause it h e lp s to illu stra te th e p a ssio n a te effort th a t he p o u re d in to all his w ork on th e m ach in e.
D e e 's d riv e w as so m e th in g th a t d o u b tle ss a p p ealed to R u th e rfo rd . W h e n ta lk in g w ith m e at th e tim e th a t I sta rte d m y ow n C a m b rid g e rese a rc h he said th a t D ee w o u ld have a lot to say a b o u t m y choice o f field. C o m in g fro m R u th e rfo rd th is s u rp rise d m e a n d e sta b lish e d for m e th e fact th a t D ee w as re g a rd e d as a p o te n tia l h ead of th e lab o ra to ry . I t is p o ssib le th a t th e u n e x p e c te d d e a th o f R u th e rfo rd in O c to b e r 1937 ch a n g ed th e co u rse o f p h y sics at C a m b rid g e in a w ay alm o st certain ly n o t fo reseen by R u th e rfo rd . T h e s ta rt of W o rld W a r II in 1939 b ro u g h t a b o u t a n o th e r m ajo r change in th e s itu a tio n b u t m y p o in t is th a t it was rea so n a b le to guess th a t D ee seem ed to R u th e rfo rd in 1937 a possible su ccesso r to h im self. M y view is th a t th e a d m ira tio n w as m u tu a l: I can be c o m p le te ly c e rta in th a t D ee th o u g h t R u th e rfo rd w as a m arv ello u s sc ie n tist, fo r tim e afte r tim e d u rin g his life he refe rre d to th in g s he h ad seen R u th e rfo rd do, o r h e a rd h im say.
I t is fittin g h e re to n o te th a t in th e few years th a t D ee w o rk ed in close c o n ta c t w ith R u th e rfo rd he cam e to know w ell m o st of th e o u tsta n d in g n u c le a r sc ie n tists of th e age. H e w on th e ir esteem a n d he c a rrie d th e ir confidence th ro u g h o u t his ow n career in physics. T h e y w ere em in e n t m en an d th e im p o rta n c e of th is extensive rang e of p erso n al c o n tact o f D ee w ith o th e r scien tists, especially p h y sicists, was of m u ch im p o rta n c e in som e of th e m ajo r tasks faced by scien tists, especially in rad a r, d u rin g the w ar o f 1939-45. H is p e rso n a l influence on m an y leading m en of th e tim e cam e p a rtly fro m his special role u n d e r R u th e rfo rd .
In m an y w ays D e e 's o u tp u t of research resu lts illu stra te d a large and gro w in g p ro b le m in n u c le a r science. T h e effort n eed ed to m ake m achines and to e n su re th ey o p e ra te d well m ade actual perso n al e x p e rim e n tatio n difficult. T h is tro u b le affected C ockcroft, E. O. L aw ren ce, E. M c M illa n and o th e r m ach in e p ro p o n e n ts. T h e org an izatio n al w ork assu m ed d u rin g W o rld W a r I I took all D e e 's tim e and effort and his m ain d u ties took him away fro m perso n al w ork fro m th e late 1930s. All of th is affected, as n o ted above, his flow of perso n al p u b lic a tio n s b u t th e value of a m a n 's original c o n trib u tio n s are n o t readily m easu red by th e n u m b e r of his p ap ers b u t m ore by th e q u a lity and significance of his w ritin g s and his influence on th o se of o th ers.
Biographical M emoirs
T h e w a r y e a r s W h a t I said a b o u t D ee as a p ossible h e ir a p p a re n t to R u th e rfo rd form s an a p p ro p ria te in tro d u c tio n to th e ex citin g a n d e x tra o rd in a rily fru itfu l w ar years. In th is phase D ee seem ed to som e, like m yself, to act as R u th e rfo rd h im se lf m ig h t well have acted in th e sam e c irc u m stan c e s an d at th e sam e age. H e m ad e full use of his w ide range of really close frie n d sh ip s w ith m any of th e ren o w n e d scien tists of th e day, m o st of th e m B ritish . T h e y in clu d e d A lvarez, A p p le to n , B lackett, B ohr, B ragg, C hadw ick, C h erw ell, C o ckcroft, E m eleu s, W . B. L ew is, L o ck sp eiser, O lip h a n t, R andall, F. E. S m ith , G . P. T h o m s o n , a n d T iz a rd , to nam e som e of th e m o st in fluential. D ee d id n o t a p p ro a c h th ese p eo p le except to press h om e his a rg u m e n t a b o u t th e rig h t policy to be p u rsu e d an d , w h en he was co n v in ced , he was relen tless in his p u rs u it o f th e m to achieve w h at he believed to be ex trem ely im p o rta n t n a tio n a l goals. H e was usually e n tirely ju stified in th e en d and th e triu m p h s th a t w ere scored by his team w ere e n tirely w ith o u t parallel. H o w ev er, th e w a rtim e successes d id n o t com e easily and D ee took som e tim e to know how b e st to pro ceed . D u rin g th e later s u m m e r o f 1939 D ee p ro p o se d to th o se in his core tea m at C a m b rid g e (th a t is B u rc h a m , C u rra n , D ev o n s, G ilb e rt and S tro th e rs) th a t th ey sh o u ld fo rm a p a rty to w ork for a b o u t 5 w eeks in th e D efence D e p a rtm e n t at th e R oyal A ircra ft E sta b lish m e n t at F a rnb o ro u g h . T h e g ro u p agreed and w en t to R .A .E . at th e e n d of A u g u st b u t h ad scarcely signed th e lease a n d p aid the re n t for a large ho u se w h en w ar was d eclared. V irtu ally o v e rn ig h t th e p a rty w as on its w ay w ith the R .A .E . staff to w ork in th e W a sh in g to n S in g e r L a b o ra to rie s at U n iv e rsity C ollege, E x eter. T h e g ro u p u n d e r D ee had chosen to jo in th e one d e p a rtm e n t at R .A .E . th a t was fated to be ev acu ated if a n d w h en w ar cam e. T h e first p e rio d was sim ply h a rd w ork p u ttin g u p b lac k -o u t screens, finding acco m m o d atio n and generally m ak in g w h a te v er a rra n g e m en ts seem ed b est for th e w ork of th e com ing w eeks. In th e ev en t D ee arra n g e d th a t he and B u rch am , D ev o n s a n d G ilb e rt w o u ld jo in in w ork w ith balloon defence devices w hile, in view of m y b a c k g ro u n d in electro n ic science, I w ould be atta ch e d to a g ro u p h ead ed by N o rm a n C oles. M iss J. E. S tro th e rs (later m y wife) had b een w ork in g in c o u n te r stu d ies w ith m e at C a m b rid g e and she becam e a m e m b e r of th e electronics research g ro u p at th e sam e tim e. T h e team in electronics tackled tw o p ro jects, first a p ro x im ity fuse w ith p h o to ele ctric cells as d e te c to rs and second a p ro x im ity fuse w ith a sm all radio tra n s m itte r (in the nose of b o m b or shell) w h ich also acted as receiver cu m am plifier. T h e first h ad severe lim itatio n s b u t th e second was excellent: co m p act, ro b u st and ad eq u ately sensitive. T h e w ork on these tw o devices was co m p leted in the scientific sense in ju s t over a year an d it was on 8 N o v e m b e r 1940 th a t I rejo in ed D ee to w ork in rad a r research. H ow ever, we sh o u ld re tu rn to D ee and discuss th e w ork of his g ro u p d u rin g th e E x e ter p eriod. A lth o u g h no longer w orking in his p ro ject, b o th I and S tro th e rs Philip Iv Dee 149 c o n tin u e d to jo in in m a n y g e n e ra l d isc u ssio n s a b o u t how to w in th e w ar th ro u g h science. D e e o rg a n iz e d in fo rm a l d isc u ssio n in his h o m e a n d e lse w h e re to stim u la te c re a tiv e th o u g h t, an d in a sense m an y w eap o n s an d w e a p o n sy ste m s w ere d ev ised in th ese talks d u rin g th e first few w eeks of th e w ar. I t w as a p ra c tic e th a t D ee c o n tin u e d to follow in som e m ea su re till n e a r th e e n d o f th e long stru g g le. P a rtly as a re s u lt o f fre sh th in k in g an d p a rtly b ecause o f th e specialism s in th e R .A .E . d e p a rtm e n ts in E x e te r, D ee s ta rte d to d evelop w h at was in effect an e n tire ly novel d ev ice. T h is w as in te n d e d to be a d e te rre n t ag ain st a tta ck s b y lo w -flying e n e m y a irc ra ft. In p rin c ip le th e idea w as to fire a ro ck e t in to th e air a n d th e ro ck et to o k a len g th of s to u t p ian o w ire, a b o u t 100 m e tre s o r m o re, a lm o st v e rtically u p w a rd s. A t th e low er e n d o f th e w ire a sm all p a ra c h u te w as a tta c h e d a n d at th e to p an explosive charge released a sim ila r p a ra c h u te . T h is m e a n t a len g th o f stro n g w ire was e x te n d e d b e tw e en tw o p a ra c h u te s an d w h e n th e w ire w as h it by an a tta c k in g a irc ra ft th e re w as p ro d u c e d an e n o rm o u s d ra g -in som e c irc u m sta n c e s co n ceiv ab ly e n o u g h to c u t th ro u g h th e w ing. T h e r e w as m u c h tria l a n d trib u la tio n fo r D ee a n d his g ro u p in b rin g in g th e w eapon to a p ro d u c tio n stage, an d his m ove to T .R .E . (T e le c o m m u n ic a tio n s R e se a rc h E sta b lis h m e n t) m e a n t th a t he w as alw ays to som e e x te n t u n c le a r a b o u t th e u ltim a te fate of his novel system . In typ ical fashion D ee m an a g e d to get ro ck ets fro m c o a stg u a rd sta tio n s (S c h e rm u ly type) till he p e rs u a d e d th e m ak e rs th em se lv e s to p ro d u c e som e su ite d to his special p u rp o se .
O n e special field d e m o n s tra tio n b ro u g h t a large p a rty o f air m arsh a ls a n d g en erals to th e g ro u n d ra p id ly -th e rocket tu rn e d ro u n d a n d w en t h o riz o n ta lly at th e m a n d n o t u p into th e air. W ire refu sed to leave th e c o n ta in e r w ith o u t b e c o m in g tan g le d an d D ee w o rk ed o u t carefully how to tw ist it as it w as w o u n d on its b o b b in so it w o u ld leave th e c a n ister sm o o th ly . T h is novel p ro b le m fascin ated h im .
I t is said th a t a low -flying G e rm a n a irc ra ft crash ed w h en attack in g a sm all B ritish m e rc h a n tm a n at low level. O ne of th e crew d ash ed across th e deck in haste to obey an o rd e r. H e trip p e d over a w ire w hich he failed to n o tice a n d u p w e n t th e rocket w ith its w ire follow ing. T h e aircraft fell o u t o f th e sky as it c a u g h t th e w ire. T h e sailors w ere su rp rise d b u t the G e rm a n air crew m o re so! R u m o u r sp read to th e effect th a t the G e rm a n air crew s had d ecid ed th ey co u ld n o t risk flying very low over allied ships because th e B ritish h ad a novel secret w eapon. In th is th ey w ere c o rrect b u t it seem ed in th e early w ar days th a t th e G e rm a n a irm en believed m ore in th e sim ple w eapon th a n th e B ritish did. C e rta in ly little official notice seem ed to be paid to th e success scored by D ee and his team . In passing it is fittin g to c o m m e n t th a t th e radio p ro x im ity fuse pro v ed to be an ab so lu tely w a r-w in n in g device in th e later stages of th e w ar, especially in d ealing w ith th e V I rocket. D e e 's team h ad been ra th e r successful in th e ir efforts d u rin g th e first year, 1939-40. D ee him self, w ith B urcham first, and later w ith D ev o n s and th e C u rra n s , sw itch ed to w ork on rad ar. H e did n o t feel th a t th e re was sufficient scope in th e R .A .E . p ro g ra m m e and he took th e in itiativ e in seeking a m ove. W ith o u t d o u b t his m an y fo rm e r colleagues at C a m b rid g e a n d elsew here facilitated his d e p a rtu re fro m E x e ter a n d his arrival at S w anage to take p a rt in th e ra d a r w ork of T .R
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here the sm oke seem ed u n ab le to pass up th e ch im n ey . Y et in these d ila p id a te d su rro u n d in g s th ere was in sp ired th in k in g and scientific vision in ab u n d a n ce . M u c h of th e in sp ira tio n for th is cam e fro m D ee.
I reach ed Sw anage som e fo u r m o n th s a fter D ee h ad jo in e d the T e le c o m m u n ic a tio n s R esearch E sta b lish m e n t and it seem ed to m e th a t in th a t tim e D ee h ad m anaged to shape a policy for c e n tim e tre w ave research at T .R .E . and som ehow w elded th e g ro u p of in d iv id u als in to a single p ro ject team . E ven m o re im p o rta n t, th e m e m b e rs agreed a b o u t th e o rd e r of p rio rity of the p ro g ra m m e item s in spite of b eing convinced th ere w ere a n u m b e r of m ajo r possibilities. D ee h ad taken th e lead by b rin g in g to T .R .E . sam ples of th e 10 cm cavity m ag n e tro n and he seized on th e fact th a t th e efficiency could be very h ig h in d eed , a ro u n d 50% or m ore. H is influence w ith M a rk O lip h a n t and his team (R andall, B oot and Sayers) at B irm in g h am U n iv e rsity w as critically im p o rta n t and th e help he arra n g e d at the C av en d ish L a b o ra to ry , for the c o n stru c tio n of im p o rta n t p a rts of th e e q u ip m e n t, was likew ise of th e g reatest possible value. H e had m anaged to p e rsu a d e everyone th a t 9 and 10 cm m a g n e tro n s w ere th e key to a new range of rad a r devices and som ehow th e p ro ject a p p ro ach was p u t in o p eratio n . T h u s B ern ard L ovell was p rin cip ally engaged in aerial w ork, beam tra n sm issio n and recep tio n . A lan H o d g k in becam e e x p ert in scan n in g m ech an ism s, for exam ple hyd rau lically d riv e n parab o lo id s, and A. T . S ta rr w orked on receivers and am plifiers for the new w avelengths. H . W . B. S k in n e r took charge of m u ch basic research and he specialized for a critical p e rio d on th e crystal d e te c to r and show ed th a t it was an essential c o m p o n e n t for th e new range of c e n tim e tre a p p a ra tu s. H e was very influential in m ain ta in in g effort on tra n s m it-receive devices, a n d th e gas-filled r h u m b a tro n , w h ic h 
R .E . to becom e official liaison officer) claim ed th ey co u ld n o t find w o rth w h ile echoes fro m g ro u n d targ e ts and th ey im p lie d th a t H 2 S did n o t w ork.
O n e of m y ow n p rin c ip a l tasks d u rin g th is p e rio d of rap id d ev elo p m en t of la b o ra to ry -m a d e ra d a r e q u ip m e n t in to m a n u fa c tu re d u n its involved th e liaison w ith several in d u stria l firm s, especially E .M .I. at H ayes, M e tro p o lita n V ickers in M a n c h e ste r, and to a lesser e x te n t G en eral E lectric C o m p a n y at W em b ley and C o v en try , and Ekco. T h e re w ere m any u n u su a l d e m a n d s on the firm s and all w ere asked to give u rg en t a tte n tio n to special needs. T h u s M azda, M u lla rd , D u b ilie r and m any o th er co m p an ies m ade g reat p ro g ress w ith the design and m an u fa ctu re of som e of the key co m p o n en ts. D ee was a great org an izer at th is stage and he m an ag ed to keep th e team c o n c e n tra te d on th e p ro je c t and in p arallel he fo u n d tim e to stim u la te th e m a n u fa c tu re rs. A m o n g th e m o st im p o rta n t of his c o n trib u tio n s was his ab ility to co n vince th e R .A .F . chiefs th a t he was on th e rig h t lines. T h e fre q u e n t h ig h -le v el talks at T .R .E . took up m u ch of his tim e a n d effort a n d it is e n tirely p o ssib le th a t th e c e n tim e tre w ork w o u ld have rem a in e d a set o f lab o ra to ry devices h a d it n o t b e e n for his p e rso n a l h o ld on th e w hole p ro je c t. H e was given charg e o f th e p ro je c t by D r A. P. R ow e, th e C h ie f S u p e rin te n d e n t and D r H . W . B. S k in n e r was p u t in charg e o f rese a rc h d e v e lo p m en ts in th e c e n tim e tre field. H e rb e rt S k in n e r becam e th e d riv in g force in th e stu d y of 3 cm m a g n e tro n s and he succeeded in m ak in g a satisfacto ry sy stem at th is very sh o rt w av elen g th . A n o th e r m e m b e r of th e tea m w ho d id a g reat deal of in sp ired w ork on th e receiver d esign was D r A. T . S ta rr, ably s u p p o rte d by th e very y o u n g J o h n (la ter S ir Jo h n ) A dam s. T h e m ere listin g of such people, an d referen ce to th e ir w ork th e n and later, show s th a t D ee led an in sp ired team of scien tists. M o re o v e r he m a in ta in e d th e m o m e n tu m o f th e w hole p ro je c t th ro u g h o u t. T h is w as done in th e face of a n u m b e r of su b sta n tia l setbacks, m an y of th e m e n tire ly u n e x p e cte d . T w o of these illu strate th e u n p re d ic ta b ility of th e w ar scene as e x p e rie n ced by th e scientists.
T h e first A. I. c e n tim e tre e q u ip m e n t, fitted to a B eaufighter w ith a m u ch m odified nose (P ersp ex ), was sh o t dow n and crew and sc ie n tist in charge w ere all killed. T h e stran g e shape of th e m odified a irc ra ft had co nfused th e crew of an R .A .F . fighter an d , believing th ey h ad in te r c ep ted an enem y, th ey shot d o w n th e special B eaufighter. T h is setback to th e A. I. w ork o c c u rre d in early 1941 and in early J u n e o f 1942 a sim ilar m ajo r u p se t to th e H 2 S w ork o c c u rre d . T h s second accid en t was p a rtic u la rly m em o rab le to m e as I w as p e rso n ally closely involved. I h ad com e to know A lan B lum lein an d his E .M .I. research staff very well in d eed , n o t least because it was one of m y re sp o n sib ilitie s to e n su re th a t th e ir scien tists and en g in eers w ere given all th e available T .R .E . in fo rm a tio n and h elp ed in every p racticab le w ay. A t th e stage th a t a ro u g h a p p ro x im atio n to a p ro to ty p e e q u ip m e n t h ad been c o n stru c te d , and m o u n te d in one of tw o m odified H alifax aircraft, a m eetin g was held at D efford A ero d ro m e (near G re a t M alv ern , w h ich h ad becom e th e hom e of T .R .E . at th e end of M ay 1942). T h is m ee tin g was in te n d e d to be an occasion for m o re or less final ag re e m e n t on th e fo rm of H 2 S th a t w ould be m a n u fa c tu re d by E .M .I. on a crash basis. T h e y o u n g scien tist w ho did m o st of th e te stin g in the field, G eoffrey H e n sb y , was one of th o se d ue to fly w ith th e a p p a ra tu s and I was a b o u t to jo in in th e test. In ad d itio n tw o of th e senior staff of E .M .I., C. O. B row ne of th e p ro d u c tio n team and F. B lythen of th e design d e p a rtm e n t, w ere to go on the flight. A crew of seven b ro u g h t th e total to 11. A t th e last m in u te A lan B lum lein, w ho was head of the E .M .I. research team , said he w ould like to see H 2 S in o p eratio n . I said I h ad seen it and could again do so later so I w ould give h im m y place as th e to ta l o f 11 c o u ld n o t be ex ceed ed . T h e r e w ere only m in u te s av ailable so he took m y flying su it a n d off th ey w en t. A b o u t 20 m in u te s la te r th e new s rea c h e d us at D e ffo rd th a t th e a irc ra ft h a d c ra sh e d in th e c o u rse o f a fo rc e d la n d in g a n d all h a d b e e n killed. T h e a irc ra ft a n d e q u ip m e n t w ere u tte rly d e stro y e d . T h is m ajo r u p se t w as rap id ly o v e rc o m e a n d even E .M .I . w ere soon h a rd at w o rk as befo re. D r L . C. W h ite took th e p lace o f B lu m le in a n d th e th ru s t o f d e v e lo p m e n t w as m a in ta in e d . In d e e d H 2 S w as a m o st m ag n ific e n t a c h ie v e m e n t o f D ee an d it sh o w ed all his resilien ce to th e full. T o th e e n d of 1942 a n d even till w ell in to 1943 he w as, h o w ev er, u n h a p p y w ith th e neg ativ e a ttitu d e of th e U .S . sc ie n tists a n d baffled by th e ir failu re to achieve any w o rth w h ile re su lts in th e ir b lin d n a v ig a tio n tests. In lette rs fro m th e U .S ., R o b in so n c o n tin u e d th ro u g h o u t 1942 to tell how little faith th e U .S . sc ie n tists h ad in th e e q u ip m e n t. L ite ra lly th ey d id n o t believe th a t H 2 S w o rk ed an d a special te st ru n w ith B ritish e q u ip m e n t seem ed to fail to co n vince th e m sa tisfa c to rily . A t th e sam e tim e, w ith carefu l use of th e e q u ip m e n t and w ith full c o o p e ra tio n o f th e R .A .F . it h a d b een e sta b lish e d th a t to w n s an d a irc ra ft h a n g e rs, big b u ild in g s of any k in d , riv ers a n d coasts co uld be o b se rv e d on th e m o n ito r, u p to ran g es o f som e 30 or m o re m iles. I t was ac ce p ted th a t H 2 S c o u ld serve w ell th e need s of th e P a th fin d e r force if n o t all b o m b e r crew s. T h e b ig q u e stio n soon em e rg ed . I f th e m a g n e tro n w ere u sed in b o m b e rs th e G e rm a n sc ie n tists w o u ld com e ra th e r rap id ly to a p p re c ia te its am azin g p e rfo rm a n c e a n d p o ssib ly copy it in a few m o n th s. It w as realized th a t th e device w as h a rd to m ake, and th is w as m ade m an ifest in th e fact th a t B ritish needs had to be m e t by U .S . m a n u fa c tu re rs. In d e e d tim e after tim e U .S . firm s d id th e n ecessary m ass p ro d u c tio n , and th e ir c a p ab ility in m ak in g cavity m a g n e tro n s of good efficiency in large n u m b e rs w as m o st im p ressiv e. T h e re w ere in fact am ple o p p o rtu n itie s d u rin g th e w ar to learn how little o u r m a n u fa c tu re rs co u ld do in c o m p a riso n w ith large U .S . firm s. T h e p ro x im ity fuse was long delayed in c o m in g to m ass p ro d u c tio n because we could n o t m ake th e m in ia tu re th e rm io n ic valves in sufficient n u m b e r and of ad eq u ate q u ality .
T h e issue of secrecy o f th e m a g n e tro n becam e a m ajo r source of tro u b le , an d D ee asked m e to in v estig ate th e p rac tic a b ility of in c o rp o ra t ing se lf-d e stru c tio n explosive charges in th e e q u ip m e n t to m ake it im p o ssib le for G e rm a n scien tists to copy th e m a g n e tro n design. A lm ost as soon as I sta rte d w ork on th is I reach ed th e conclusion th a t scientists at R .A .E . co uld tackle th e p ro b le m m o re realistically th a n we could at T .R .E . and I arra n g e d for trials at F a rn b o ro u g h . T h e trials w ere excellently ex ecu ted b u t the explosive charge th a t m ade it difficult to d e te rm in e th e shape o f a m ag n e tro n and its m ode of action was of such a size th a t it blew an e n o rm o u s hole in th e old test aircraft. O bviously the d e stru c tio n o f th e m a g n e tro n was far too d an g ero u s and w ould lead to loss of th e airc ra ft and d e a th of th e crew . N e x t a charge was used to d e stro y th e cleverly d esig n ed tra n s m it-re c e iv e rh u m b a tro n device b u t even w ith th is charge th e re q u ire d p ro x im ity of th e se lf-d e stru c t device to th e n a v ig a to r could have re su lte d in his d e a th . I advised th a t the m a g n e tro n be used w ith o u t d e stru c tiv e ch arg es, o r n o t at all. H ig h -lev el m eetin g s w ere h eld and I rep e a te d at th e m ee tin g s w h a t I h ad said to D ee after th e e x p e rim e n ts. T h e advice w as accep ted and in 1943 it was finally d ecid ed H 2 S w ould be u sed over en em y te rrito ry . So D ee h ad led his team to th re e co m p letely triu m p h a n t in n o v atio n s, all o f th e m based on th e 9 c m cavity m ag n e tro n , n am ely A .I., A .S .V . and H 2 S . T h e A .I. was n o t vitally necessary because G e rm a force scored a rap id a n d final v ictory. W ith in a few m o n th s it seem ed th a t th e G e rm a n U -b o a ts co u ld n o t face o u r c o u n te ra tta c k s a n d d o u b tle ss th e range of 50 or so m iles given by o u r A .S .V . e q u ip m e n t in d e te c tin g a U -b o a t led to th is su d d e n collapse of th e G e rm a n o n sla u g h t.
T h e ev alu atio n of H 2 S as a w eapon system is n o t so stra ig h tfo rw a rd . T h e P a th fin d e rs could do very well w ith it b u t th e value of n ig h t b o m b in g was d isp u te d c o n tin u a lly and at th e sam e tim e m eth o d s w ere fre q u e n tly m odified. C o m b in atio n s of G ee and H 2 S an d O boe did an im p ressiv e jo b over G e rm a n y and e n e m y -h eld te rrito ry and d o u b tle ss led to a m u ch m ore rap id collapse of G e rm a n resistan ce th a n w o u ld oth erw ise have h a p p e n ed .
A n o th e r featu re of D e e 's w a rtim e efforts sh o u ld be stressed. H is catalytic influence on m u ch done o u tsid e his ow n sp h ere w as c o n siderable. W h en m y wife (fo rm erly Jo an E. S tro th e rs) was w ork in g at T .R .E . on rad a r intelligence and c o u n te rm e a su re s she c arried o u t perso n ally very early in 1942 the first e x p e rim e n t on 'W in d o w ' and th is p ro v ed to be an e x p e rim e n t of tru ly m ajo r im p o rtan ce. I re m e m b e r th a t at hom e she cu t up a large a m o u n t o f m etal foil w ith h e r ho u seh o ld scissors and th en she org an ized th e d ro p p in g of th e th in m etal foil strip s from an airc ra ft sen t up fro m C h ristc h u rc h aero d ro m e. S he h ad a rra n g e d th a t o b serv atio n at th e ra d a r d e te c tio n statio n s on th e g ro u n d sh o u ld be done. T h e effects on the rad a r screens w ere tru ly am azing and it looked as if a large fleet of aircraft w as p rese n t. T h is first d e m o n stra tio n of 'W in d o w ' was clearly of o u tsta n d in g im p o rta n c e to th e w hole of rad ar science. W h en m y wife to ld m e a b o u t h e r resu lts on the T .R .E . telep h o n e I said th e inferences could be c a ta stro p h ic to c e n tim e tre rad ar. H e r ow n D ivisio n H ead , D r R. W . (later Sir R o b ert) C o c k b u rn told h er she sh ould take h e r rep o rt to D ee and from th a t tim e he c arried m u ch resp o n sib ility for the m anifold and serious rep ercu ssio n s of th is first 'W in d o w ' w ork. S h o rtly afterw ard s T .R .E . m oved in to G re a t M alv ern as a resu lt (g re a te r se c u rity w as n e e d ed ) an d D ee b eg an to ex p lain th e m an y c o m p lic a tio n s of th e new s itu a tio n to service chiefs a n d p o litician s. It is sig n ifican t o f his s ta tu re th a t he w as e x p ected to find an sw ers in th e m o re co m p lex c irc u m sta n c e s. T o th is day 'W in d o w ' c o n tin u e s to be very im p o rta n t a n d a v e rsio n of it w as p u t to use in th e F a lk la n d
In parallel w ith th e o p e ra tio n a l successes achieved w ith c e n tim e tre w ave ra d a r as u sed by th e R .A .F ., th e N av y an d A rm y p u sh e d ahead w ith th e ir c e n tim e tric e q u ip m e n ts and in p a rtic u la r Basil S c h o n lan d and Jo h n C o ck cro ft h e a d ed th e A .D .R .D .E . (A ir D efen ce R esearch and D e v e lo p m e n t E sta b lish m e n t) w ork. T h e o th e r services d e p e n d e d s u b sta n tia lly on th e T .R .E . in n o v atio n s and D ee was alw ays h a p p y to see th e scope o f T .R .E . ra d a r discoveries ex te n d e d by ap p licatio n s in all of th e services. I t is n o t at all ce rtain th a t he realized th e value of th e w hole e x tra o rd in a ry achiev em en t. H e w as n o t in clin ed to u n d u e m o d esty b u t he h a te d to m ake claim s and it is p ossible he u n d e re stim a te d his ow n w ork. W h e n I asked h im , in early 1943, if I co u ld be released to take up an in v itatio n to jo in th e staff of th e physics d e p a rtm e n t in G lasgow U n iv e rsity he refu sed u n h e sita tin g ly , stressin g th e value of m y c o n trib u tio n s at T .R .E . L a te r in th e sam e year he accepted a p ro p o sal from S ir H e c to r H e th e rin g to n , at th a t tim e P rin c ip a l of G lasgow U n iv e rsity , to occupy th e lo n g -e sta b lish e d C h a ir of N a tu ra l P h ilo so p h y w hen th e w ar was over. P e rh a p s D ee sh o u ld have delayed acceptance because d o u b tless he w ould have h ad m an y offers w h en he becam e free. H e p e rsu a d e d m e, at th e tim e he accep ted th e chair, to jo in his staff in G lasgow at th e end of the w ar. A few o th e r scien tists in rad a r w ere in v ited to do so at later dates (J. R. A tk in so n , A. L . C ockcroft, J. G . R u th e rg le n and J. B. W a rre n ). I m en tio n th is because less th an tw o years after he w ent to G lasgow in 1945 he was offered the Jackson C h a ir in C a m b rid g e and he refused because he felt he had n o t served G lasgow U n iv e rsity long enough to repay the U n iv e rsity for the gen ero u s s u p p o rt they h ad su p p lied and w ere c o n tin u ing to pro v id e. F o r m yself I felt th a t D ee was a C a m b rid g e m an at h eart b u t w ith o u t d o u b t he settled dow n in G lasgow and he w orked th ere for the re m a in d e r of his career (1945-72) and after retire m e n t. It is in te r estin g to guess w h ere he m ig h t have a c co m p lish e d m o st b u t in th e e v e n t he m ad e up his m in d co m p le te ly a n d e v id e n tly d e c id e d th a t G lasg o w U n iv e rsity w as w h e re he w o u ld settle a n d resu m e his te a c h in g an d research in n u c le a r p hysics. H is years as p ro fe sso r a n d h ead o f th e D e p a rtm e n t of N a tu ra l P h ilo so p h y fo rm th e long final ph ase of his career. G l a s g o w p e r i o d , 1945-72 T h e D e p a rtm e n t of N a tu ra l P h ilo so p h y at G lasgow U n iv e rs ity h ad achieved w o rld fam e d u rin g th e long p e rio d , alm o st all of th e seco n d h a lf of th e 19th c e n tu ry , w h e n L o rd K elv in h e ld th e C h a ir of N a tu ra l P h ilo so p h y . In th e first fo rty years o f th is c e n tu ry it h a d failed, on th e w hole, to m a in ta in its p o sitio n am o n g th e lead in g in stitu tio n s . T h e d e p a rtm e n t c o n tin u e d to do a so u n d jo b in tea c h in g , and ra th e r u n in sp ire d rese a rc h w as p u rsu e d . M a n y of th e g ra d u a te s in th e h o n o u rs classes, m o st of w h o m took th e c o m b in e d h o n o u rs co u rse c o n sistin g of ro u g h ly equal p a rts of m a th e m a tic s a n d n a tu ra l p h ilo so p h y , d id very w ell in th e ir su b s e q u e n t careers a n d a good fra c tio n of th e m b ecam e rese a rc h p h y sicists of d istin c tio n in late r years. T h e w ork o f th e d e p a rtm e n t as such was n o t, how ever, very n o te w o rth y . T h e overall facilities h ad b een allow ed to decline to a level th a t was in a d e q u a te in several im p o rta n t respects. W h e n D ee a rriv ed in 1945 he realized im m ed ia te ly th a t he w ould c e rtain ly need th e g e n e ro u s s u p p o rt th a t h ad b e e n p ro m ise d to him . T h e re w as, for exam ple, no a lte rn a tin g c u rre n t su p p ly (th e U n iv e rs ity was in one of th e few p a rts o f G lasgow still d e p e n d e n t on a d.c. source) b u t fo rtu n a te ly th is situ a tio n was a b o u t to be rem e d ie d . S h o rta g e o f space was a m o re serious m a tte r and soon D ee b ecam e p e rso n a lly im m e rse d in the p la n n in g of a m ajo r e x ten sio n of th e b u ild in g . In th e en d th is to tal new space exceeded th a t in th e original b u ild in g . D ee h ad also been try in g to decide th e actual n a tu re of th e m ain research p ro g ra m m e a n d at his req u e st I h ad visited m an y c e n tres in th e U .S . to see th e b est accelerators, m ain ly cy clo tro n s. I h ad d iscu ssed w ith E d M c M illa n at B erkeley his new in v en tio n , w h ich b ro u g h t h im the N o b e l Prize: the e lectro n sy n c h ro tro n . D ee w as in clin ed to w a rd s h av in g an electro n sy n c h ro tro n at G lasgow and th is seem ed to m e, and to th e o th e r m em b e rs of staff w ho w ere am ong th e m o re in te re ste d , to be a good m ach in e for a fresh a p p ro ach to som e of the im p o rta n t research topics. In the event tw o m ach in es w ere soon in c o n stru c tio n : a relatively m o d est C o c k c ro ft-W a lto n d ire c t c u rre n t m ach in e w h ich co u ld reach m o re th a n 700 kV and w h ich allow ed a quick s ta rt to som e excellent n u c le a r sp ectro sco p y (J. G . R u th e rg le n , P. G ra n t, J. B. W a rre n and W . D e u c h a rs in p a rtic u la r used th is m achine) and a s y n c h ro tro n o p e ra tin g u p to 30 M eV (and largely the resu lt of th e w ork of F. K . G o w a rd of th e U .K .A .E .A .) w h ich w as in te n d e d n o t only for research stu d ies b u t also to p ro v id e in fo rm a tio n of value in d esig n in g a m u ch b ig g er m ach in e, to w ork at a ro u n d 300 M eV . I t w as essen tial to have a special new b u ild in g w ith its in b u ilt s y n c h ro tro n hall b e fo re th e 300 M eV m ac h in e c o u ld be c o n s tru c te d . T h e p ro je c t w as a m ajo r one an d it w as e x e cu te d w ith g rea t care b y D ee, w ho even took a p erso n a l in te re st in all th a t Basil S p en ce, th e a p p o in te d a rc h ite c t, p ro p o se d . F ro m th e s ta rt of th e s y n c h ro tro n w ork m u c h c o lla b o ra tio n in d e sig n was d o n e w ith m e m b e rs o f th e rese a rc h staff o f M e tro p o lita n V ickers a n d in p a rtic u la r w ith M eek, C raggs, H a in e an d G h a lib , all of w h o m gave m a jo r assistance to th e p ro je c t. T h e C o c k c ro ft-W a lto n m ac h in e a n d th e sm all sy n c h ro tro n b o th p ro v ed to be effective rese a rc h tools b u t th e delay in h av in g th e big e le c tro n s y n c h ro tro n p ro v e d fru s tra tin g to D ee an d to a good m an y m e m b e rs of staff, in c lu d in g m yself. Several big m ac h in es w ere in o p e ra tio n in th e U .S . by 1954 w h e n th e big sy n c h ro tro n w as u se d to tackle a series of e x p e rim e n ts on p h o to -m e so n p ro d u c tio n a n d p h o to -d is in te g ra tio n of n u clei, a p ro g ra m m e satisfacto rily p u rsu e d till 1965.
T h e
M u c h rese a rc h w ork beg an th e re fo re to be p u rsu e d w ith o u t reco u rse to any of th e m ach in es, and D ee h im se lf d id m u c h to e n co u rag e th is d iv ersity o f a tta ck on n u c le a r p ro b le m s. In m y ow n case, p a rtly because p ro g re ss on th e big s y n c h ro tro n was n ecessarily slow and p a rtly because of m y successful w ork U n d o u b te d ly very special referen ce m u st be m ad e to th e role of th eo retical physics in D e e 's p h ilo so p h y . H is a ttitu d e to th eo re tic al w ork was p ro b a b ly like th a t of R u th e rfo rd : he reco g n ized th e e x tre m e im p o rta n c e o f it at tim es and re g re tte d th a t it was v irtu a lly im p o ssib le to excel at th eo ry w hile b ein g an active e x p e rim e n ta list in th e fo re fro n t of new d e v e lo p m en ts. It was a tim e of division of p h y sics in to tw o m ajor sp h e re s and possibly only at m o st a very few co u ld score successes in b o th th eo re tic al and e x p e rim e n tal stu d ies. F e rm i m u st be th e m o st n o tab le of such rem ark ab le people of th e last fifty years. R e c o g n iz ing the value of a good th eo re tic al basis in the w ork of any first class d e p a rtm e n t D ee took th e o p p o rtu n ity w h en it p re se n te d itself to a b a n d o n one of th e ex isting tw o chairs (th e one in ap p lied physics) to e sta b lish a new one in th eo retical physics and J o h n G u n n was a p p o in te d to th is ch a ir in 1949. It is possibly fair to say th a t D ee e rre d in u n d e re s tim a tin g ap plied physics because G lasgow U n iv e rsity could and sh o u ld have retain ed a su b sta n tia l role in th a t su b je c t and, in ad d itio n , sta rte d th eo re tic al stu d ies. T h e teach in g of physics to m edical, d e n ta l, a g ric u l tu ral and e n g in e e rin g s tu d e n ts suffered in co n seq u en ce b u t D ee co uld n o t in te rest h im se lf really seriously in teach in g physics to th o se w ho d id not take it as th e ir p rin c ip al if no t th e ir sole su b ject of stu d y . I believe p ersonally th a t th is view of D e e 's te n d e d to be th a t w h ich was w id esp read am ong the leading ph y sicists of th e C av en d ish of th e tim e of R u th e rfo rd b u t it could well be th a t R u th e rfo rd and his disciples d id n o t serve th e cause of physics well in th is p a rtic u la r m a tte r. P hysics is a science th a t o u g h t to be a p p re c ia te d by all w ho w ould be professional in any kind of scientific stu d y . th a t D e e 's view of ph y sic s w as in any sense n a rro w b ecau se n o th in g could be fa rth e r fro m th e tru th . H e w as in stru m e n ta l in th e re c ru itm e n t of P ro fe sso r R o b e rt F e rrie r to th e d e p a rtm e n t and his team w ith special ex p e rien c e in e le c tro n m ic ro sc o p y ad d e d , an d c o n tin u e s to ad d , m u c h to th e overall w id th a n d s tre n g th of th e p h y sics p u rsu e d in G lasgow U n iv e rsity . L ikew ise w h e n P ro fe sso r R o n ald D re v e r b ecam e d eeply in te re s te d in th e s tu d y o f g rav itatio n a l w aves D ee p ro v id e d h elp an d e n c o u ra g e m e n t. C learly his in te re sts in p h y sics w ere very w ide b u t he refu se d to see his su b je c t as a h a n d m a id e n to o th e r discip lin es.
It is essen tial th a t a sin cere trib u te sh o u ld be p aid to D e e 's gifts as a tea c h e r. H e h im se lf took his tea c h in g very serio u sly and he sp a re d h im se lf in no w ay to gain th e full a tte n tio n o f his au d ien ce. H e c o u ld show a w o n d e rfu l flair for a ttra c tiv e e x p e rim e n ts an d th is c a p ab ility served him well in his m a in te n a n c e o f one of th e tra d itio n s o f th e a n cien t S c o ttish u n iv ersitie s. It h a d fo r som e c e n tu rie s b een c u sto m a ry for th e p ro fe sso r and h ead of d e p a rtm e n t, in all discip lin es, to teach th e O rd in a ry (first year) class a n d D ee d id th is w ith m u c h d istin c tio n . H e enjoyed feeling he h ad c a p tu re d th e a tte n tio n of y o u n g people and in fact n e v e r tire d of teach in g . It w as one of his joys to find a y o u n g p e rso n w ith a flair for physics. H e seld o m show ed th is jo y b u t he felt it keenly. It is good to know th a t by th e s ta rt o f th e 1950s m u c h of th e h a rd w ork of D ee was b e a rin g fru it an d his d e p a rtm e n t h ad b ecom e, am o n g o th e r th in g s, one of th e recognized U .K . c e n tres fo r n u c le a r science. It has c o n tin u e d to th is day to enjoy th e stro n g s u p p o rt of th e vario u s research o rg an izatio n s and especially o f th e S cience and E n g in e erin g R esearch C ouncil. I have trie d to show th a t D ee chose staff well and th ey have c o n tin u e d th e excellent research th a t he in au g u ra te d . T h e n am es already given show th e stre n g th of som e of th e team s th a t he m an ag ed to sta rt, and in th eo re tic al physics, h ig h -e n e rg y p a rticle physics, J o h n G u n n (now Sir Jo h n ) b u ilt up a first class team . So physics at G lasgow U n iv e rsity has b een health y and ro b u st from soon a fter D ee took charge and sta rte d to re c o n stitu te th e d e p a rtm e n t.
H is active in v o lv em en t in science affairs reached o u tsid e th e U n iv e rsity p ro p er. H is final m ajo r perso n al effort resu lte d in the c o n stru c tio n of the K elvin L a b o ra to ry at N .E .L . (N atio n al E n g in e erin g L a b o rato ry ) in E ast K ilb rid e . H e re P ro fesso r G eorge B ishop and P ro fesso r Jo h n R eid played a sim ilar p a rt to th a t played at a m u ch earlier date by W a lter M a cF arlan e . J u s t as th e actual c o n stru c tio n and o p eratio n of th e large s y n c h ro tro n had been a fu ll-tim e effort of M a cF arlan e so in th e 1960s B ishop and R eid becam e very active in d eed in the design, c o n stru c tio n and o p e ra tio n of a large new linear electron accelerator at th e K elvin L a b o rato ry , w orking up to 1 6 0 M eV , w ith in the g ro u n d s of N .E .L . at E ast K ilb rid e . T h is m achine pro v ed a versatile tool and it facilitated a w ide p ro g ra m m e of research in several fields. T h is lab o rato ry is no longer engaged in p h o to n u cle ar physics as such (and p h o to n -in d u c e d p ro to n knockout reactions in p a rticu la r) b u t collabo D ee was a p assionate advocate of science in u n iv ersitie s and a d e fe n d e r of th e ir critically im p o rta n t p o sitio n in th e n atio n al scientific scene. H e feared a loss of stre n g th in th e face of th e g ro w th of big g o v e rn m e n tfinanced in stitu tio n s a n d he did m u ch to help to en su re th a t C E R N (E u ro p e a n C e n tre for N u c le a r R esearch) and o th e r c e n tres rem ain ed u n iv e rsity -o rie n ta te d . C E R N was m o o ted in 1952 and 12 states signed the C o n v e n tio n in 1954. H is a rg u m e n ts on the C E R N s tru c tu re w ere c a rrie d fo rw a rd to d isc u ssio n s of N I R N S (N a T o m e it w as p e rso n a lly g ra tify in g to see h im c a p p ed as h o n o ra ry D .S c . of S tra th c ly d e U n iv e rs ity in 1980. H e h ad alw ays b een p ro u d to be an h o n o ra ry fellow of S id n e y S ussex C ollege. T h e h o n o u rs w on by D ee w ere rich ly d eserv ed . H e gave h im se lf to his w ork w ith o u t s tin t an d it has alw ays seem ed e n tire ly e v id e n t to m e th a t his w a rtim e lea d e rsh ip in science w as a lm o st w ith o u t p arallel. It is very p o ssib le th a t in his absence we w o u ld have failed to create c e n tim e tre ra d a r of any u seful k in d an d th e losses at sea c o u ld have p ro v ed fatal to us as a n a tio n . W e have to re m e m b e r th a t he in sp ire d very m an y o th e rs to excel th em selv es and th a t his effectiveness w as th u s m u ltip lie d g reatly . H e was a tru e cataly st am o n g a m o st d istin g u ish e d b a n d of scien tists in his days as a S u p e rin te n d e n t at T .R .E . (1939-45) a n d his w ork in th o se years was m o st d e m a n d in g . F ew sc ie n tists co u ld have d o n e so m u ch in a situ a tio n in w h ich p o litician s, in d u stria lists, sen io r air force staff and creativ e scien tists w ere all im p o rta n t an d essential to th e ach iev em en t o f real success in th e w ork. D ee m an a g e d th is d e m a n d in g task m o re effectively th a n anyone else. H e stood tall in th e eyes of all fo u r catego ries m ak in g up th e creative w hole.
